Falls are a common health concern in the multiple sclerosis (MS) community with one out of two individuals with MS reporting a fall in the previous 6 months. Falls often lead to physical injury and have been found to be associated with reduced participation and quality of life. These adverse consequences underscore the importance of identifying risk factors for falls in MS so that appropriate interventions can be designed and tested. Ongoing research has suggested that clinical disability, balance and gait impairment are related to past and future falls. The data also suggest that cognitive impairment is related to falls. Fortunately, it appears that these fall risk factors and falls per se can be reduced with targeted interventions in persons with MS. However, the most effective fall-prevention strategy in persons with MS has yet to be elucidated. Ultimately, the reduction of falls in persons with MS has the potential to improve participation and quality of life.
with MS are four times more likely to suffer a hip fracture brought about by a fall than age-and gender-matched peers without MS. 11 This elevated fracture risk stems from low bone mineral density and osteoporosis in persons with MS. 12, 13 Lastly, persons with MS who have previously fallen report worse physical and psychological health status (i.e. health-related quality of life [QoL] ) compared with nonfallers with MS. 7 Falls can further have an adverse impact on fear of falling and falls self-efficacy and contribute to activity curtailment, physiological deconditioning, loss of independence and institutionalisation. 14, 15 For instance, approximately 64 % of persons with MS have an increased fear of falling and, of those individuals, 83 % reported activity curtailment. 16 Another study documented that approximately 75 % of communitydwelling persons with MS who have fallen in the last 6 months selfreported activity restriction due to concerns about falling. 15 Recently, these self-reports of activity curtailment in persons with MS who have fallen were confirmed with objectively measured ambulatory physical activity (e.g. accelerometry). Specifically, persons with MS who had fallen in the last year had lower amounts of physical activity than persons with MS who had not fallen. 17 One caveat to consider when reviewing the majority of research concerning consequences of falls in persons with MS is that all of the studies that support this disability-disuse cycle are cross-sectional in nature. Consequently, it is unclear whether falls truly lead to decreased activity and physiological deconditioning as proposed or rather falls are unrelated to activity, physiological deconditioning and QoL. Ideally, the best way to determine whether there is a strong relation between these variables in persons with MS would be to conduct longitudinal investigations. If such an association is noted, we would further propose that it is worthwhile to explore 
Fall Risk Factors in Persons with Multiple Sclerosis
The first step to fall risk prevention in any given clinical population involves an understanding of those factors that can contribute to such occurrences. This is necessary for both identifying individuals at risk of future falls and also for providing information that can be used to design appropriate therapeutic interventions that target a reduction in fall occurrence. Such an approach has been widely adopted in the gerontology literature that serves as a backdrop for the discussion of falls risk and prevention in persons with MS. 19 Accordingly, we highlight major observations from the well-developed and characterised falls literature among older adults, another population that has considerable risk of falls. One of the most important observations is that falls are preventable with interventions designed to target specific risk factors. 19, 20 While previous studies have reported upward of over 400 potential fall risk factors for older adults, 21 the primary risk factors include sensorimotor function, general balance and walking ability. 22, 23 Linked to these factors is the evidence that highlights that impairments in muscle strength and coordination are also strong predictors of falls in older adults. 21, [24] [25] [26] [27] Not surprisingly, interventions that target these specific factors have been the most widely developed and implemented. Overall, these interventions have been found to effectively reduced physiological falls risk and fall incidence in older adults. 19, 20, 24, 27 It is important to note that although the geriatric literature offers important insights in terms of falls in the older adult, there are notable differences between persons with MS and healthy older adults regarding specific risk factors leading to falls. For instance, assessment of falls risk using standard tools developed for geriatric populations such as the physiological profile assessment (PPA) illustrate that the overall risk of a future fall is greater for persons with MS than older adults (see Figure 1) . Indeed, persons with MS without a fall history have a higher risk of falls even than older adults who have not fallen.
This observation highlights the need to develop disease/patient specific falls risk models.
In comparison to our understanding of falls in the healthy older adult, much less is known about falls risk factors in persons with MS, particularly for those older individuals with this disease. While over 400 risk factors have been broadly identified with falls in general, only around 20 specific risk factors have been investigated in persons with MS. 28 The following discussion focuses on these factors, particularly those that are modifiable, as these could become the focus of interventions.
In one of the first and largest retrospective studies of 1,089 persons with MS, general balance and walking impairments, poor concentration and bladder incontinence were identified as the main correlates of fall incidence over a 6-month period. Fourier-based variability than MS-nonfallers, whereas there was no difference between MS groups for traditional gait variability metrics.
It was proposed that a contributing factor to the increased gait variability was impairments in dynamic balance. These observations highlight that gait impairment is related to fall status in MS and that interventions focusing on fall risk reduction should target balance and walking impairment. Overall, fall frequency was related to impaired verbal memory function when age was taken into account. 33 In general support of these findings, it has been demonstrated that older adults who have MS and are recurrent fallers (e.g. greater than two falls in the last 3 months) had reduced cognitive processing speed compared with single-event fallers. 34 Importantly, gait and balance function did not distinguish between recurrent and single-event fallers in this latter study. The possibility that cognitive function plays a role in fall prevalence is crucial since, as previously highlighted, most current fall prevention strategies do not target cognitive function.
Prospective investigations of fall risk in persons with MS have for the most part confirmed retrospective and cross-sectional research. For instance, one prospective study demonstrated that disability, walking function and spasticity were predictive of falls in 76 persons with MS over 9 months. 35 Another investigation revealed that muscle weakness, dynamic balance impairment and gait impairment were predictive of falls in women with MS. 36 Recently, balance metrics derived from a force platform have been predictive of future falls in persons with MS. 37 However, it is worth noting that these prospective investigations have not included measures of cognitive function, and so it remains to be seen whether cognitive dysfunction is predictive of future falls in persons with MS.
Overall, there is evidence that balance, walking impairment and muscle strength are consistently related to past and future falls in persons with MS, 28 
Fall-prevention Interventions in Multiple Sclerosis
With regards to falls, not all individuals with MS have the same risk, the same mechanism, or start falling at the same timepoint in the disease.
Identification of those at greater risk is important. In general, several factors have been shown to predict falls (e.g. older age), but those of greatest clinical importance are the predictors that are potentially modifiable (e.g. balance factors, postural instability, altered gait). [45] [46] [47] Previous research has shown that although 'generic' falls risk tests have been developed for the elderly population, these are of limited use for differentiating falls risk in older people with neurological impairment as their hallmark balance and gait deficits are, in many cases, unique and more pronounced. In a recent report of the Quality Standards Subcommittee of the American Academy of Neurology it was stated that current "guidelines do not fully address the increased risk for falls in persons with chronic neurologic conditions, nor do they fully evaluate the effectiveness of methods to screen for those most at risk". 48 The problem of identifying good predictors for future falls is highlighted by the fact that one of the best indicators is two or more falls in the previous year. 49 However, this indicator provides no information of the underlying mechanism or reason, which leads to this adverse event. Thus it is critical to identify and determine the relationship among the factors that can predict the increased risk of falling for older persons with MS.
The identification of risk factors for falls in persons with MS that correspond with those reported for older adults has created the groundwork for the design and testing of targeted interventions aimed at reducing fall incidence. 44, 50 Importantly, physiological risk factors for falls, including balance and walking dysfunction, and muscle weakness, are modifiable in community-dwelling older adults, 34 and persons with MS with targeted exercise training. 41 Indeed, a recent Cochrane review of 159 trials with nearly 80,000 older adult participants concluded that home-based exercise programmes focusing on these factors provide the most promising avenue for reducing fall risk and rate of falls. 19 Despite the promise of physiologically targeted interventions, there have been few published investigations involving persons with MS. One RCT reported that supervised balance training (n=20) and motor control therapy (n=11) conducted in a rehabilitation setting led to a reduction in self-reported number of falls in the 1-month period after the intervention compared with a control group (n=10). 50 Another quasi-experimental study (i.e. nonrandomisation) observed that a 10-week communitybased supervised physiotherapy intervention in persons with MS who utilised bilateral walking aid (n=111; mean age=55 years old) resulted in a decrease in fall incidence 3 months following the intervention compared with a control group. 7 One limitation of previous fall-prevention interventions for persons with MS is that they have only involved supervised exercise training.
However, this form of exercise is not widely accessible for the majority of persons with MS. Rather, most of these individuals would benefit from the convenience of a home-based rehabilitation programme.
Recently, we have completed a pilot project that examined the efficacy and safety of a 12-week, home-based exercise programme on fall risk, balance and walking function in older adults with MS. In this study, 27
participants with MS, aged over 50 years and had a history of falling, were randomly assigned to the exercise (n=13) or wait list control Overall, 22 participants (n=12 control; n=10 exercise) completed postintervention testing. As illustrated in Figure 2A , fall risk (i.e. PPA score) significantly decreased in the exercise group following the intervention, while there was an increase in fall risk in the control group over time. It is critical to note that a fall risk score of 1.0 indicates that there is a large probability that an individual will fall in the next year 40 suggesting that the exercise group had a much lower risk for falling in the near future.
The results presented in Figure 2B demonstrate that the decrease in fall risk coincided with an improvement in the clinical balance assessment (BBS) for the exercise group and a decrease in the control group.
The control group further had worsened T25FW time (6.8±1.2 versus 7.7±1.6 second), while there was no change in the exercise group (6.6±1.1 versus 6.7±1.2 second).
Overall, these investigations suggest that fall risk and incidence can be reduced in persons with MS with targeted exercise programmes in a variety of settings (clinical, community and home based). It remains to be seen whether these reductions in fall risk and incidence immediately following the intervention results in increases in participation and improvements in QoL.
Falls and Multiple SclerosisFuture Directions
Over the past decade, there has been a limited, albeit growing, amount of scientific interest concerning falls in persons with MS. Additionally, the majority of risk factors have been identified in cross-sectional investigations so the predictive capacity of these risk factors of future falls remains to be determined. As previously highlighted, the contribution of cognitive function to falls in persons with MS has not been extensively studied and has not been included in prospective investigations. This is important, given that current fall-prevention guidelines do not take cognitive function into account and may need to incorporate cognitive rehabilitative components to maximise success. 34 Additionally, the most effective fall-prevention strategies for persons with MS have yet to be documented. It has recently been suggested that in order to maximise the effect of fall-prevention programmes for community-dwelling older adults the programmes should be multifactorial in nature rather than simply exercise based. 52 Multifactorial inventions often include management of fall risk factors, including but not limited to, suboptimal medication regimes, comorbidity, incontinence and environmental risk factors. Logically, this type of approach has much promise in persons with MS, but has
as yet not been extensively tested.
One pilot investigation of nonexercise-based fall-risk management programme focusing on self-management principles indicated that participants who received the intervention decreased the fall-risk behaviours immediately following the intervention. 53 We are undertaking research to determine whether multifactorial fallprevention approaches are more beneficial than exercise-based approaches for fall prevention in persons with MS.
Another factor of previous research is that it has almost exclusively focused on ambulatory individuals. This focus ignores upward of a quarter of the persons with MS who are nonambulatory. 54, 55 There is evidence that falls are quite common in the general wheelchair population with ~50 % reporting a fall. [56] [57] [58] In general, risk factors for falls in wheelchair users seem distinct from those observed in ambulatory populations. 57 Overall, this suggests that fall risk factors in nonambulatory individuals with MS are distinct from ambulatory individuals and that distinct fall prevention strategies are necessary in this segment of the MS community.
Conclusion
There is little doubt that persons with MS are at elevated risk for falls and that falls have significant negative effect on QoL stemming from physical injury and reduction in participation.
Despite significant advances in understanding falls in persons with MS, there is still much research necessary for further identifying risk factors for falls in portions of the MS community (e.g. nonambulatory segments) and scientifically verifying various fallprevention strategies. The reduction of falls in individuals with MS has the potential to ultimately improve participation and QoL, and have a major public health impact. n
